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rl) We, TELECC^iMUNICATIONS 
rSTRIES, INC., of 1375 Akron Street, 
Copiague^ New Yoxk 1172^ United States 
of America> a c o rp unui oa oxgaxdsed and 
5 existing under the laws tit the State of New 
Yoxk, United States d America, do hereby 
declare the inventioD, for which we pray diac 
a patent may be granted to us^ and the method 
by which it is to be perfbnned, to be parti- 
10 culariy described in and by the fofiowmg 
statement:-^ 

The inesent invention lies hi the field of 
waste treatment. Waste such as municipal 
sewage or industrial effluem contains many 

15 inorganic^ ox^^oic^ and harmful micro- 
biologic^ matoial^ most of ^^uch are only 
pardaQy degraded by conventional treat- 
ments. Chemical ozidadon has been suggested- 
for use to ccmyert such materials to remov- 

20 able and harmless oxides but oxidation pro- 
cesses h^ofore utilized have been hieffident 
and have cMify. been capable of oxidizmg a 
small portion of tiie contaminants normally 
found in domestic or indistrial waste. 

25 Thua>, oxidants such as potassium per- 
manganate (KMnO^) and chlorine (CU have 
been used m many localities to dishiiect or 
to improve the taste and ordor qualities of 
muniapal drinldng water. These chemicals 

30 ace not pracdcal for waste treannen^ however, 
because they lack sufkient oxidizmg power 
to degrade many waste oonstkoents and 
because thqr leave residual permanganate and 
ddorine^ a$ die case may De> wfai(£ must be 

35 removed before the treated water, can be re- 
used or xetomed to the natural environment 
Ozone has also been used in the past to treat 
contaminated artides or water (U.SV Patents 
3,445,001, 3^49,528, 2,812,861). Unlike die 

40 materials just inentioned» ozone is an 
extremely powerful oxidant, yet it does not 
kaye a harmful residue. A^ is weU-known, the 
oziuQ mol^e (Os) is unstable and deomir 
poses to oxygen (O^ over a relatively short 

45 period of dpne. Tl^ ozpne does l»ve die 
potential oxidixmg power for waste treat- 



ment and its residue (oxygen) is beneficial 
rather than harmful However, ozone has not 
herett^ore been used for bulk waste treatment 
because means have not been available 
wherein ozone could be made to effectively 
react widi die solid constituents of waste and, 
in any even^ the cost of the neceasaiy quantity 
of ozone required for bidk waste treatment 
has been ^diibitive. 

Another serious problem faced in the waste 
txeatment art has been the mability to handle 
the solid omstfuiftnas nonnally found in waste 
water. Waste effluent sudi as taw or secondary 
sewage normally ccmtains a substantial quan* 
thy of solids wSiich are difficcdt to fr an ^y 
physically and are diffiodt to oxidize. 

Conventional mechanical means for break- 
ing down solids in waste scdutifxis often are 
unsadafactoiy or fail ei^Kly due to the large 
mass the material being treated aad/or 
the nature these solid^ A gummy or 
sticky residue can be the result * of sudi 
mechanical treatment For diis reason, the 
art ha^ on occa^on, suggested die use of 
sonic energy in the treatment of waste 
materials for purposes such as removing 
solids from fihenng screens and/or precipitat- 
ing solid partides (U.S. Patent 3>489,679), 
breaking certain kinds of emulsions (U.S. 
Patent 3,200,567), mixing, sdubilizingi or 
cauang the reacdcm of gases (U.S. patents 
3,549,528, 2,717,874), or killmg miao- 
oxganiams (U.S. Patent 3,366,654). Mech- 
anical osdllations have also been suggested 
for stixung and/or promotixig aexudon fit 
settUng of waste materials (U.S. Patents 
3,264,213 and 2,770,59?). 

Additional background which, may be of 
interest may be f6und in the fbUowing: 
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Lcmdon, December, 1967. 
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Put Ozone to Woric TzeatiDg Plant Waste 
Wateiu-Plant Engineering— Novcmbeii 

Ozone Counters Waste Cyanide's Lethal 
40 Punch— dendcal Hngmcerin& March 24, 
1958. 

The Ozonation of Cvanide Wastes— Richard 
G. lyier, Purditt University, 1951. 

Osxme in Air Pollution Abatement— W. E. 
45 QramwcU, I/EC Industrial Wastes, Work- 
book Featore, June, 1959. 

Ozonation at WMting: 26 years later- 
James F. Bartuska— Public Works. August, 
1967, w, ^ ^ 

50 In view <rf the need and tJ}e problems in the 

' . Mt as aforesaid^ the present kvention pn>- 
vidw a pzooess and apparatus for waste treat- 
ment which at least mimmizes the aforesaid 
diradvantages of tile prior art 

55 According to the present inveotioa tiiere is 
provMfed a process for purifying waste water, 
whidi comprises: (A) imparting aonistic 
enagy to the waste water to cause cavitation 
thereof; and (B) then ozonating die waste 

oO water. 

Also in accordance with the invention there 
IS provided a waste water treatment apparatus 
which con^prises: (I) an acoustic chamber; 
(II) means for imparting acoustic aiergy to 
d5 said chamber sufficient to csvitate waste water 



contained tiicceia; and (HI) means for 
ozonatu^ said waste water. 

In accordance with a furtiier aspect of the 
raesent invention tiierc is {sovided a.prooess 
for the acoustic treatment and ozonation of 70 
waste water, wtdch comprises; (A}pladngthe 
waste water inta a vessd; (B^ dfiffairfng an 
ozone-containing gas stream into the vessel 
from a ^ane covering an effective cross- 
sectional area of tiie vessd^ whcreiy the vessel 75 
is divided mto an upper section and a lower 
section and (Q imparting acoustic encr^ to 
said lower section at an energy IcvSf to 
cavitate tiie waste water which is sub- 
ssquentiy ozonated m tiie uj^er section. 80 

There is also i^ovided, in accordance with 
the present invention, an acoustic treatment 
and ozonation aj^aratus comprising a vessel; 
means for impartiiig acoistic energy into a 
lower section of die vessel; means for diffus- BS 
mg gas into an upper section of the vessel, so 
as to provide a gaseous barrier scparatmg the 
npper and lower sections, the barrier permit- 
tmg tiie passage of liquid and preventing the 
passage of acoustic energy; an osme 90 
generator; means f ot pasdng a flow of ozone 
and 0x3^ from the ozone generator to the 
difiruaott means; gas outlet means com- 
municating witii the xsppti section; and means 
for recycling gas from the gas outiet means 95 
to the ozone generator. 

By tise of tile process and/or apparatus of 
the invention, waste waters^ containmg highly 
contaminated materials, can be treated Id form 
a product such as potabk water. iOQ 

Various embodiments of the present 
I«oo^ and apparatus are illustrated in the 
accompanying drawings: 
J Figure 1 is a sdiematic flow diagram show-* 

^nsto water (1) is cavitated and 105 
em i ilstf i rd m acoustic chamber or zone (2) 
by acou^ waves or auar^ (3) £com tiais- 
tiucers (4). The emiilsion tinis obtained is 
ozonated in ossone contact chamber (8) to 
jttovide potable water (23) or (25). Kgme 1 110 
also shows preferred features wherein gas 
emitting from the ozone contact chamber or 
zone (8) rccyded (12) via ozone stabilizer 
(13) whidi IS shown in Figures 8 and 9 and 
IS discussed in detail hereinafter. Figure 1 115 
shows fflMrther preferred feature wherein tiie 
oztma^ liquid (23) is pasod into a venting 
daan&er (24), jweferaHy a free-fall spill 
oaamber, so that gaseous oxide produots of 
me ozonation am vented to the atmosphere 120 

^ Figure 2 is a schematic diagram illustrat- 
1^ a preferred emboduneot erf tiie hivenrion 
wherm both tiie acoustical cavitation- 
ennd^cation step and the,ozanation step are 125 
^riied out witfua the same chamber Q0\ 
The chamber (30) is a corniced acoustic 
tceaunent and ozone contact diamber. Cham- 
ber (30) is efEecrively divided mto an 
acoustic treatment zone (SI) and an ozone 130 
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comact zone ^2) by a gaseous bander (37) 
created by the upward flow of ozone biAwcs 
(35) emitdng from diffosen ^S). 
Figore 3 is a scbematic diagram illustrate 
5 ing a pxelened airangpment for placement of 
oaone diffiisers (53) and transducers (56) 
vithtn a oombaned acoustic treatment and 
ozone contact diamber (51). Dimensicms (A> 
,^ <B)» (Q» G>) and (^ aic pteferaUy pro- 
10 pcMTtioned to create a lesonant dxcmt viach 
provides higbly efficient udlizadon of acoustic 
ene^. 

Figure 4 is a drawing of a preferred tub&- 
typc diffuser (57) having fins (58, 59) thereon 
15 and which is useful in the apparatus of 
Figures 2 and 3. 
Figure 5 is a top view of the difihiser of 
' Figure 4 diowing a ^dened arrangement of 
perforations (58) therein whidb axe pro- 
20 gresdvefy larger downstream from the ozone 
inlet (59). 

Figures 6 and 7 are end and top views 
respectivdy of die dififoser of Figures 4 and 
5 showmg preferred jdacement of fins (61, 62) 

25 in rdation to tibie placement of pttfcMrations 
(63, 64 and 65) to provide even distribution 
of ozone emitting into die ozone contact zone 
and to create the gaseous barrier between the 
ozraie contact zone and the aoousdc contact 

30 20nc as desadbed under Figure 2. Dimcn- 
amis (I), 0), (]^ (L), (M), (N), (O) and 
{F) are also pxefnably {nnportioned to 
e nnanre the resonant circuit described under 
Figure 3. 

3S Figure 8 shows a side view> taken at the 
coitezline, of a preferred ozone stabilizer use- 
fd m the gas recede drcoit shown in Figures 
1 and 2. Posidoned witiun the ozone stabilizer 
r68^ are felt filters .(69, 70), a cellulose filter 

40 (72) and a swiii chandler (73) havmg a 
purality of perforations (74) thereon arranged 
m a helical pattern. 

Figure 9 is a view of the ozone stabilizer 
of Figure 8 taken at Inie 9—9. 

45 Any type of industrial or domestic waste 
water can be treated and purified by utilizatLon 
of tiie process and apparatus of the i»esent 
invention. &amples <tf such wastse waters are 

' pdJuted river water, raw sewage, secondary 

50 sewage, and industrial ^^^t, These waste 
waters normally comprise a hi^ level of solids 
in aqueous solntion. Pte£erably, the waste 
watery to be treated contain from 1% to 
50%- by weight, most preferably 5% to 30% 

55 solids, tiie particle size vH said scdids rangmg 
from 2 microns to 4 inches preferably from 
4 microns to 2 inches. 

The waste water which is to be treated in 
the present invention can be contaminated 

60 widi many forms of -microorganisms and 
bacteria including pathogenic bacteria and 
virus. The water can also be contaminated or 
polluted with sodi materials as sulphur. Iron, 
manganese, lignite, tanmn, phosphates, 

d5 nitrates, actds^ cfaloriney cyanide, and common 



or^nic wastes such as synthedc detergent 
residues and fecal mat^. 

Tbfi microorganisms and contaminants 
just desciibed are destroyed and effectively 
removed from waste waters by the process 70 
of the invention. The restdt obtained from the 
process is potable water whidi can be. used 
directiy or returned to die natural water table. 

It has been discovered that ozone exerts 
an unexpected effect on waste waters ^ch 75 
hffve been cavitated by acoustic energy as 
descaabed herein. Althou^ ozone is a known 
o xidiz hig agent and dismfiectant, it has not 
heretofore been deemed capable of achievmg 
the results pbtahied wi^ the present inveo- 80 
tion such as (1) actually darifying waste 
waters by deeding the solids contamed 
the roai to innocuous gaseous oxides, and 
effectively killing a broad spectrum of micro- 
organisms and toxins found m waste material^ 85 
especially solids-contaming materials. The 
unique and beneficial effect of ozone on waste 
waters is obtained herein is directly related 
to the treatment of sudi waters ^cfa have 
previously been cavitated with acoustic 90 
energy. 

W6h respect to the acoustic treatment step, 
any of the well-known transducers capable of 
gg«r ating the desired acoustic energy for 
cavitaiion can be used. However, lead zirconate 95 
block transducers are highly preferred because 
of ihbir inherent qualities hi^ acoustical 
energy transfer, Le., 90% efficiency, and hirii 
Ouie Pdnt. Tho^ with lead ziroonate trans- 
oncers, high power can be used with no 100 
transdncer degradation. 

Sqnare wave acoustic energy rich in 
harmimic frequencies and having little side 
lobe suppressions is preferred. Such wave 
properties enhance the desired cavitrtion. 105 

The power supplied to the transducers, and 
the other parameters of the acoustic treat- 
nacnt, can vary depending on tbc size and 
diape of the acoustic treatment zone and the 
waste load to be treated. PreferaWy, power 110 
of from lOD fcw to 10,000 kw, most prefer- 
ably 500 fcw co 1000 kw, and most highly 
preferably about 500 kw, is supplied at a 
mean freouency of 20 kc/sec to 70 kc/sec, 
most preterably about 2g kc/sec, to lead 115 
sdrconate transducers havmg a 20** to 60'', 
naost peferably ebtmt a 30*, beam pattern to 
provide complete aoonstk coverage of die 
aoousdc chamber at a level of 140 to 145 
KBV. 120 

As noted above^ waste waters to be treated 
normally onnprise solids m water. The solids 
have air or otiier gas bubHes trapped wkfdn. 
•Acoustic energy in water, witit sufficient 
power and frequency, penetrates through the 125 
solids to tl^ very core of the mass. Cavitation 
of the solids occurs in tlie acoustic treatment 
step of the process as the resonant frequency 
of the mass is reached. As this frequency is 
approached, the mass b^gms to vibrate, 130 



exdt mg t he bubbles txapped within. Due to 
the exdcationj tiie p r essure within the bubbles 
builds up to approximately double its udtial 
pressure and this pressure idtimatdy breaks 
5 the sdids into smaDer pieces. The broad band 
of acoustic j&requenacs then reiiies the 
icsonant frequencies of tb& smaller pdeces and 
th^ begb tt> break up into even smaller 
pkces in the same manner. As this cavitadcm 

IQ process CDntmues, the smaller parddes become 
oanMed with the sdution. After cavitation 
IMS o ccunted, which ptdaahlY [mxinces sub- 
stantially complete emulsificatum^ the ozone is 
added m order to conduct the ozone tzeat- 

15 ment step of the pzooess. 

The time d £e acoustic treannent can 
vaxy with the number of transduceiB used, 
the level of power supplied thereto and the 
load being treated. Generally, however, tiic 
J^ottstic treatment step can be completed in 
1/2 mmute ta 30 minutes, preferably 
from 1 minute to 15 minutes, dependent on 
static or flow conditions of the waste beine 
treated. ^ 

25 IBgh pressures tend to repress cavitation 
and therefc^ the acoustic treatment step is 
preferably conducted under a pressure corres- 
ponding to atmosi^ieric pressure. 
At the end of the acoustic treatment step^ 

30 tiie amount of undissolved solids in the waste 
water has generaQy been reduced by 20% to 
100%, prefccaUy 40% to 90%, of its original 
value and ttt pardde aze of the solids 
xemahung generally xapges from 1 to 20 

35 microui^ preferably 1 to 5 microns: At tills 
poin^ the waste material is m the form of a 
liquid^ readfly puo^able emulsion. The teem 
"emulsion'' is used herem in its ordhiary 
dictionary sense to mean a dispersion of fine 

40 partides or globules in liquid." 

In die second basic step of the process, tiie 
emulsion obtained by the acoustic energy in 
the first step is o2onated by contacting it with 
ozone. Although any convenient me±od of 

45 contact is suitahle, it is preferred to bubble 
the -ozone tlm)ugh the emulsion. This can be 
done conveniently by diffusing tiie ozone into 
the lower extremity oi a chamber containing 
the emulsion and tiua allowing the mme to 

50 bubble up through tile fflnulsiftn. 

As as wdl known, ozone (O^) is an 
activated form of oxyg/ta (0|). Ozone is a 
^ng oxidizing agent. Ozone is also lela- 
tivdy unstable and deoonqmses to oxygen 

55 over a period of time. 

Ozone for use In tiie ozone treatment step 
can be generated by any conventional means, 
the most convenient method being to pass 
dry oxygen or dry air through a corona dis- 

60 charge grid Such ozone generators are com- 
mer^y availaWe. O^ne generators are not 
100% efficient and thus tiiere is always some 
oxygen or air emitting from an ozone 
fiencrator. When pure oxygen is used as the 

05 feed to the generator, the output usually cozn- 



Pi*ses 3%— 8% by vohnne of ozon^ tiie 
balance bemg oxygen. When air is used as the 
feed to the ozone generator, the ou^t usually 
comprisij 1.75%— 5% by vohie of imns, tiie 
balanoe being oxygen and nitrogen. 70 

In tijc ozone txeatment step of the present 
mvention, ozone can be d^Sused into the 
emulsion as a gas stream prefcraWy compris-- 
mg ftrai 0.5% to 10% by vokme, iost 
preferably 1% to 4%, of ozone, die balance 75 
bemg oxygen and other gases. 

As tiie ozone contacts the emulsion, it 
reacts with and oxidizes tiie contaminants 
tiierein and, at tiie same time, is itself reduced 
to ^^gen. The amount of ozone used da)end5 80 
on the amount of contaminants present in the 
OTuIsion. In order to achieve the best pos- 
siWe contact and xesuhs, it is preferable to 
hubble an excess of ozone tiiroi^ tiie emul. 

. . 85 

^ ^ cany out the ozonation 

at a pressure of about atmosidieric or sliriitiy 
higber in a dosed chamber. Sufficienrpre^. 
sure should, however, be mamtained on tiic 
ozwie feed diffused mto tiie OTuldon to over. 90 
come the pressure head of tiie Kodd emnir 
aon. Accordingly, tiie i»essurc m tiic ozone 
mput hn^ as well as in tiie rest of tiie system, 
cji preferably be mamtained witiim tiie ranro 

? «^ pnfeSy 95 

3 psig to 10 pag. ' 

The tune of the ozonation stM>, i.e., tiie 
tune penod during wl^di ozone is diffused 
into die emulsion, can vary widdy depend- 
mgonthe^andquantity of waste material 100 
H ^ ^ ^ of ozone 

^i2t. Krcfcrably, the time of ozonation is 
from l/Z mmxtt to 30 minutes, most pre- 
ferably from 3 mhmtes to 10 minutes, depen- 
dent on static or flow conditions of tiie cmnl- 105 
sion being treated. 

The ^cess cx lesidual gas bubbling to the 
^ ofro emulsion vrbich comprises ozone 
along witii tiie oiygcn formed by & ozonation 
reaction and the oxygen bubbled mto tiie 110 
cmutora as part of tiie ozoiie feed stream, 
an if desired be released to the atmosphere 
However, it is preferred not to so vent tiic 
rteidu^ ozone and oxygen, but mstead to am- 
dnct the ozonation m a closed chamber and 115 
to conect the gas bubWing from tiie emulsion 
and rccyde it Recydmg tiie ozone/oxygen 
has tibe advantages of (1) not releasing o^ 
™ ^^^^'^^ avcMng any toxic or 
oombpstionaWe dangers associated therewitii, 120 
eq)eaailv m an improperly ventilated envinHH 
ment, (2) wcscrvmg the amount of oxygen 
input nmied for ozone production and ozona- 
tm wift attendant cost savings, and (3) pro- 
▼idmg for enrichment of tiie ozone feed 125 
stream. 

It is generally desirable to compress the 
reveling of the ozone/oxygen stream coOecced " 
from the ozonation step in order to provide a. 
contmnmg flow of gas in tiic system and to OQ 
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oveioQme the pressure Bead ol the emulsion 
when diffosiog the ozcme fised stream 
emol sion; As Is known in die ar^ oon^essiNi 
of ozone tends to be dangooos because of the 
lisk of eiqplosiQD. Accotdingly, a prefened 
embodimeot irf the inesent Invention iadodes 
a unique step wherein the ozxine lecydc 
stream is staMh'zed prior to CQmpresston 
thereof. This stabilizaig step preferabfy 
hxvolves mizing die ozone stream wi& 
ozygpi, in pure form or as air, in a vortex flow 
T^iehy die ozaus, is rapidly decomposed to 
o^^^gcn and is thus stabili2ed. 

Tbe gas T&cydii stream may also contain 
sane moisture, for example, 70— «0% rda- 
ttve humidity, carried from the waste emol- 
sioii and the stream is dnis pref exaUy dried 
prior to stal^lization and prior to le^de to 
the ozone generator. The air or oxygen input 
to die ozone generator is also preferably dned 
prior to its use hi the generator. Thus^ the gas 
input to the emulsion preferably oratahis less 
dian 5% reEatxve hunddiiy. 

Subsequent to the ozonation step^ die 
ozonated waste water can be agitated and 
vented to the atmosphere. The agitation^ pce- 
ferably with oo ncu rrent aeration^ deoon^oses 
any residual ozone and rdeases the 
ozonation products of the original con- 
taminants. 

The remainmg purified soiudon has desir- 
able odor and cobr, and is potable. At the 
end of die process, microorganisms and toxins 
have been totally destroyed or reduced to 
innocuous levels and the B.OJ3. kvd in the 
material has been reduced by 80%— 100%, 
preferably 100%, 

The acoiudc tteatmoit step and/or the 
ozonadcHi step do not require hi^ tempera- 
tures nor do tbey generate significant heat 
Aoa»dhigly, die entire process can be oon*- 
ducted at uaA^iai^ temperature. 

Further detaik of the invendon and other 
onbodhnents thereof are set forth in 'the fol- 
lowing discussion of the accott^)anying dtow- 
mg9. 

"^th reference to l'5gnre 1, waste water 
input (1), such as sewage, is placed into 
acousdc treatment chamber (2). The waste 
Water (1} is dien subjected to acoustic energy 
(3), picieraUy ultrasonic square waves, from 
hi^ c&dency transducers (4) poweied by 
an oscillator power sujRply (5). The acoustic 
waves (3^ create cavitation in the sdids of 
the solution whidi amsequendy breaks down 
the solids into extremely fine particles and 
causes emulsification. That is,' the fine par- 
tides are dispersed in the liquid. Irrespective 
ol the '^pt of Inptit (1% the solids content 
therein is substantially xednced by cavitation 
and emulsxficadon fa the acoustical treatment 
step, and any ronaining sc^kb not emulsified 
can be scented from the chamber via line (6). 

The Rsultant emulsion (7) from die acoustic 
treatment step is dien transferred to an ozone 



omtact chamber (8)> which can comprise a 
dosed vessdj and is subjected therein to 
ozomuion by bubl^Ung ozone (9) there- 
through. Any residual ozone and/or oxygjen* 
wtidi does not react with tl» waste water iO 
being ozonated coUects at the top (10) of the 
ozone contact chamber and can be removed 
from the chamber through a check valve 
(11), for cnnq^ a float-iype valv^ vducb 
prevents liquid frmn Icavh^ die comxea of 75 
die contact chamber (8). The ozone/oxTgen 
dius removed (12) is pa^ed thnnugh aii ozone 
stabilizer (13) wherein it Is first dried and is 
then stabilized. Downstream from the 
stabilizer as\ die now stabilized stream ia 
compressed (14). Maiomp air or o^gm can 
be added to the systtm at the ozone stalnlizer 
(15) and/or at the compressor {!€) in ah 
amount necessary to compensate for the ozone 
utilized in the 02xmadon reaction. 85 

The conqnKssed stream (17) is then passed 
through a dryer (18), preferably a headess 
dryer, and then through an ozone generator 
(19) wherein fresh ozwie is generated, for 
e xamp le, by a corona disdiarge grid, so Aat "90 
the desired level of ozone can be maintained 
in the feed (20) to t!» ozone contact chamber 
(8). The feed stream (20) is routed tittougfa 
a check valve ^1) and into the ozone contact 
chamber (8) via diffusers (22) dras conndet- 95 
ing the ozonation cyde; 

la a subseqnem step, the ozonated but sob- 
stantially oz(me-frec liquid ^) ia transfeixed 
to 3 venting chamber (24) wherein it is 
vented to die atmosphere so that the oxida- 100 
tibn products of the ozonatxon reaction whidi 
are usually in the fcam of gaseous oxides can 
escape via vent (25) tt> the atmosphere leav- 
mg purified water (?6) as a. product The 
ventmg chamber (24) can comprise a fret-fall 105 
spill chamber whferem die free-fall of fluid 
(27, 28, 29) between sequentially lower com^ 
partnents (29a, b, c, d) provides agitation 
and aeration. Any residual ozone in liquid 

S) is decomposed and vented as oxfmea UO 
in chamber (24). 

It 18 amveniettt to conduct the acoustic 
treatment step and the ozonation step withih 
the same vessel or chaniber. When this is 
dcm^ care notust bf taken to separate the 115 
injection of the ozone stream into the cham- 
ber froni the pomt where cavitation and 
emulsification of the waste material js to 
occur. Otherwise the gaseous bobbies of 
ozone and oxygen will dampen the aoonstic iSo 
energy and tend to prevent the necessary 
cavitation of the waste solids. 

Acoordmgly, Figure 2 shows an embodi- 
ment <rf the invention where the acoustic 
treatment step and the ozone contact step are li5* 
carried out within the same chamber in a 
manner which provides separate sections for 
the acoustic treatment step and the ozone 
omtect step and j^events the ozone bubbles 
frmn suppressing the necessarv cavitation. 130 



V^guce 29 an ai^uzatus in which the 
(kooostic and gaseous treatments are c&izied 
out in the same chamber is shown ^ch 
bioadly compxises: a vessel or chamber (30) 

5 for holding liquids and gases; means for 
imparthsg acoustic enexg/ ^9) into a lower 
section 01) of the vessel (3&); and 
for diffusing gas 06) into an upper section 
- (32) of the vessel (3()) so as to provide a 

•lu gaseous barrier (37) semrathig ujc upper 
mid lawet section^ the oarder (37) pennit- 
ting die passage of liquid and pievennng the 
passage of acoustic energy. 
More specifically^ a combination chamber 

■15 (30) is provided with an acoustic treatment 
section (31) and an ozone contact section 
(32^ said sections being divided by a bamer 
which permits the flow of liquid there- 
between but is impervious to acoustic energy. 

^ When usbg die oon^xniation chamber 30, 
die waste water b injected at inlet (33) into 
the lower section die diamber near the 
floor 34). Ozone bubbles (35) are admitted 
into die diamber by diffcsers (3Q having 

25 diffusion holes thereon aimed in a generally 
upward direction and arranged in a plane 
coveting an effective cioss-sectional area of 
the chamberj for example, covering more 
than 90% of the cross sectional area. As the 

30 o2one input from line (48) is diffused into 
the dxamber, a gaseous b^er (37) is created 
at the plane Gi l£e diffosers (35) whidi divides 
ti:e chamber into an acoustic treatment seo- 
tion (31) and en ozone contact section ^2). 

35 Acoustic waves (38) from transducers (39) 
cannot pass the gaseous barrier p7) and are 
thus reflected widiin the acoustic treatment 
sectiaQ (31) wherein die cavitation and 
e mnl rffi cati on occnrs. As the liquid within the 

w acoustic treatment section (31) becomes 
emulsified, it naturally passes vp. (40) into the 
ozone contact section ^2) as the gaseous 
bante pctmits liquids to pass duxebetween. 
The removal and recyde of residual ozone 

45 and oxygen via check valve (41) and line 
(4A through stal»Ii2er {43), compressor (44), 
and dryer C44fl) and ozone generator (45), 
with provisions for air or oxygen intake (4^ 
47) and back into difiusers (sS) via line (48) 

50 can be die same as descubed above with 
reference to Figure 1. 

The jmrified water is removed from the 
upper section of the diamber pO) via treated 
water oudet valve (49) while excess solids 

55 not cavitated and enmlsified can be drained 
1^ vahne ^0). 
Figure 3 shows a sdiematzc sectional view 
a pcc£encd airangemenr for a combdna- 
tion acoustic treatment and ozone contact 

60 chamber (51) having a phnality of tnbe 
diffusers (52) therein, which difFusers are 
pteferably finned (53). The floor (55) of die 
vessd (51) is lined with transducers (56). 
In a preferred mode allowing for 
. ^ efficiency opezatibr^ ^men^ons conqoisittg 



the length of the diffiisers (A)^ the distance 
between die terminal diffuser (52) and the 
side of die vessel (B% the distance between 
^iffosers (Q, die distance between the 
dzfiosers and the floor of die vessd (D), and 70 
the lengdi of the vcwd (E), are proportioned 
y as to create a resonant circuit; that is, the 
finned tubes and the walls of the vessd are 
^led to provide a resonant circuit, Although 
tttese dimenshms can vary depending on the 75 
desired size of the vessd and the mean fre- 
quency of the acoustic energy, ilhntndve 
d imension s for a resonant cSc ui t when a 
preferred mean frequency of 23 kc/sec is 
used are: go 

A — 185 inches 
B — 39 indies 
O— 39 indies 
39 inches 
£—351 inches, 85 

and multiples thereof. 

Figure 4 is a pictorial view of a preferred 
tube-type diffuser (57) havmg fins (58, 59) 
thereon sodi as can be used in the apparatus 
of IHgure 3. 90 

Jigine 5 diows a top view of die tube-type 
diffuse ^ Figure 4. Pteferably, die diffuaon 
progrcssivdy enlarged down- 
stream from die ozone inlet end in order to 
insure an even distribution of ozone widdn 95 
die chamber and to create die gaseous barrier 
described heicinbcforB, As an iflustration the 
holes can be 0.0135 inches in diameter along 
. ^^^^ tube 0.028 

inches m diameter along the second 1/3 sec- 100 
tton of die tube (G), and 0.040 inches hi 
diwneter along die final 1/3 section of die 
tube (H). 

Fi^ires 6 and 7 rcqiectivdy show end and 
top views of a preferred diffuser (60) suitable 105 
for use m die apparams erf Figure 3. The fins 
(61, S2). are so placed with respect to each 
other and to die diffusion holes (63, 64, 65) so 
as to pr^e imifonn distribution of ozone 
mto the duunber and to enhance the gaseous 110 
oamer and the rescmant drcutt described 
above. 

Thus, where a preferred mean fteaucncy 
at 28 kc/sec is utilized, and dimensifms fA) 
g> (Q>.fl>) arid (E) are as set fordi hmm' 115 
oetor^ jHustraCxve dimensions in Figure 6 
are* 



1—1.125 mdies 
J— 0.450 inches 
K— O.900 hicbes 
1^-0.093 inches 
M--0.500 inches 
N— 0.500 uches 
O^lOO' 
P— 30' 
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When utilizing die preferred embodiments 
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shown in Figures 3, 4, 5, 6 end 7, it is also 
pzefened to utilize a piidse^ower tedmique 
for the si?)pty of acoustic energy. For exani0^ 
S(piaz\e wave acoustic energy can be imparted 

5 to the acoustic trcatmcat zone for 30 nuHi- 
second^ stopped for 60 milliseconds, 
in^>aited for 30 milHseconds end so 
on. V^th this tedmique, the oziginal pulse 
of acoustic energy emitted from tlie trans- 

10 ducers at the floor <rf the chamber strikes the 
gaseous barrier and creates a high standing 
wave ratio within the acoustic treatment cham^ 
ber. The Branding wave ratio is returned back 
toward the floor of tbt chamber} and strikes 

15 the Boor midway between pulses. 

When the power-pulse tedmique ia used 
with a resonant drcml^ a constant wave func- 
tx(m lesohs, This provides a lugjily effidexxt 
process. For exasqde, for the same amount of 

20 power input to the transducers, the acoustical 
energy or wavefront imparted to the cavxtat- 
ing solids can be at least doubled. 

As discussed heieinbefore, it is preferable 
wh^ recyding the residual ozone stream to 

25 stabilize die ozone therein by mixing it with 
air or oxygen in a vortex flow. 

Figures 8 and 9 icspectivcly show side and 
top cross-sccdonal views of a prdteed ozone 
stabilizer for use with the present invention. 

30 Broadly spe^kinfe the apparatus shown in 
Figures 8 and 9 is an ozxmc stabilizer whidi 
comjaises a gas-tight vessd (71tf> a swirl 
duunber (73) portioned within the interior 
of Ae veffid, a plurality of perforations (74) 

35 communicating between the interior of the 
vessd (71) and the mterior (77) of the swiri 
chamber, means (J4a) for passmg a flow of 
ozone into the interior of the vessel upstream 
frwn the swirl chamber, means (75, 76) foe 

40 Mssing a flow of gas into the vessd upstream 
from the swirl diamber, and means (78) for 
passing a flow of gas from the vessw down- 
stream from the swirl chamber. In this 
apparatus;, die ozone and the other gas m 

45 mixed in tfje interior (77) of the swirl cham- 
ber In a vortex flow. 

iSlore specifically, and with further 
referojce to Figures 8 and 9, the ozone 
mUlizing apparatus can comprise a gas- 

50 right vessd (Jla) havmg a gasiket (67) hi 
communication with a removable top section 
A brass or other suitable material swirl 
diamber (73), positioned withm the interior of 
the Vi^sel, is i»eferaW.y cylindriral and per- 

55 forated with a phirah'ty of openings (74), pre- 
ferably arranged -in a hdical pattern as illus- 
trated. A flow oT os^e^containmg gas is 
passed into the mterior of the vessd (71) at 
failet (74a) upstream finwn riie swirl chamber 

60 while a Saw of au: or oxygen is passed into 
the hiterior of the vessd via miet (75) and/or. 
(75) upstream from the skul chamber. Filters, 
which preferably comprise parous fdl^ can be 
positioned wxtidn the interior of the vessd 

65 (71) to remove any moisture present in die 



ozone and gas streams. As shown (69, 70^ the 
filters can be poshumed duecily hi riie flow of 
the respective gas streams widin the interior 
^the vessd (71), Any moisture not removed 
by the felt filters is removed by final filter 70 
Q2) which prefers]^ coixq[»rises ceJlnlos^ 
fiber in conttQiious sheet form wzai^sed 
around the swiri chamber (73). The dried 
ozone and air or oxygen streams then pass 
througji the perforations (74) which are pre- 75 
ferd>ly positioned at an angle of 45** rdativc 
to the axis and die radii of the swiri diamber 
and thence into the interior (77) of the swiri 
dianrfjcr (73) \ritMein a vortex flow is created 
as the gases pass downstream. 80 

The re^ and vident agitation oi the ozone 
with oxygen or air in the vortex flow quickly 
decomposes ozone to oxygen whidi is passed 
as a flow of gas from the vessel via outlet (78) 
downstream from the swirl diamber. By means 85 
of this stabilizer, a moist ozone^containing 
flow of gas can be rapidly and dependably 
dried and decomposed to oxygen on a con- 
timuniB baris. Periodically, the filters can be 
removed from tibe stabilizer and dried. 90 



Example 

This examine illustrates how the process 
and apparatus of the present invention am be 
used to treat and purify sewage into potable 
water. 95 

Two and one-half gallons of effluent taken 
directfy ficom the h^mt hdding tank <rf a 
munidpal sewage treatment plant was used as 
the starting waste material in tins exanmle. 
The waste had a pH irf 6Jf, a pungent, 100 
nauseating odor, and had an opaque dark 
brcnm appearance. The waste was composed 
primarily of fecal matter and comprised 
apmoxhnatdy 10% by weight total undis- 
solved solids^ ranging in partide size of from 105 
4—5 micmns up to 1/2 jnch» 

Tfie waste li^iid just described was placed 
in an acoustic treatment chamber comprising 
a 1/16-inch stainless sted hddtng taiiE 
havinga seven gallon capadty (Modd VST- 110 
42, kH^ man^ctured by Dci-Qav^ 
Inc.). Eight lead zirconate traosducexs weie 
^>aoed at equal uriervals across the flo(v of 
the diamber. 

An oscillator power supply (iVlodel No. U5 
VS&42, manufactured by Dri-Qave, Inc.) 
was connected to tiie transducers via an output 
tank drcuit. The drctat was adjusted to 
reflect a saturation condition in the power 
mnplifier tubes and die transducers dius pro- 120 
duced a square wave havmg 400 watts of 
aoN^c power at a mean fre^juency of 
25 ncn m harmonics and* low in side 
lobe siqypression. 

The waste material m the diamber was 125 
subjected to the acoustic energy as described 
above for thirty mmtites. As soon as the 
aooustic energy was supplied, die solids in 



1389^1 



8 



10 



15 



20 



30 



35 



40 



the waste liqmd began to cavitate and break 
apart* As cavitscion conttnaed and the par- 
ticle size of tbe solids became smaller and 
smaller, emulsificotioa occurzed. At the end 
of the tbirty minute pei^, tbe liquid was 
substantially completely emnlsified and con- 
tained kss tiian 5% undissolved solids^ all 
of tbe soHds remaining bad a paitide size of 
less Aan 5 mxcxons. Tbe pmtiig fmii a 
liquid state end readily pouxaUe. 

Two litsrs of tbe enonlsiaii tbus fanned 
were pumped from tbe acoustic treatment 
chamber into an ozone contact chamber. 

The ozone contact cbamber was cyKn- 
diical, 36 indies iiigh witb a 3 inch inside 
diameter. This cfaamW was fabricated from 
a tranroarent inert plasdcs C'Ludte** 
(R.TJ^)) and was capped at the top and 
bottom. The top cappmg waa fitted \?itb a 
line for residual ozone removal which bad a 
Jtoairtype cbedk valvt therein to prevent 
liqoid from leaving the ozone contact cham- 
ber. Four porous air stone diffnsers were 
fitted at the bottom of the chamber and con- 
nected ibrou^ a bottom fi tting ^ ozone 
inlet line. 

OzcBie was generated by passing dry 
oxygen tbiough a corona discharge ozone 
pierator of 1(^000 volta at 250 watts and 
having an cutout capadty of 1.5 pounds of 
ozone per 24 hour d^. 

The ozone was fed throng the ozone fa fft 
line via a check vahe to dib porous air some 
diffusers. The ozone concentration in tbe feed 
to die difiusers was appnndmatEly 3% by 
volume} the balance of gas in the f^ed com* 
prising oxygen. The pressure in the feed line 
and in tbe ozone contact chamber was about 
3 psig. 

The gas which collected at the top of the 
ozone contact chamber comprised residual 
ozone and oxygen. This residual gas was 
removed from the ozone contact diamber via 
the float-type check valve and recycled 
tbnmgb an ozone stabilizer wherein it was 
dried and sfabilized by diimiiipf^fffng it to 
oxygen by mudng with oixygen lit a vortex 



flow. The stabilizer comprised a gas-dgjit 
vessel containing felt and oelhilose filters, and 
a brass swiii chamber perforated in a helical 50 
pattern witb hsAss drilled 45^ to the axis and 
radii^ as described above with respea to 
I%ur» 8 and 9. 

The stabdiized, Le., ozonc-feee, recyde 
stream emitting £rom the stabilizer was passed, 55 
along with dry make-i^ oscygpen, through an 
rir c cmpressor. The stream was then passed 
tino^gh a beafless dryer and thence into the 
ozone generator. 

A flow rate of ozone through tbe ozone 60 
contact diamber of 1.5 pounds per 24-bour 
day was continued for a period of 10 minateB; 
about 4.7 grams of ozone was used during d)is 
tune. 

As the bubbles of ozone passed up ifaroug}) 65 
the emulsiotty foaming occurred due to die ' 
oxidation of contammants amtaimed therein. 
During the 10-minuDe ozone contact period^ 
ihe emulMoo: dramatically chan^ fnmi 
opa(^ dark Inown to a tranducent amber 70 
solution. 

At tbe end of tbe l&-minute ozone contact 
period, the liquid, \^ch contained about 1/2 
ppai^ dissdLved ozone, was pumped into a 
venting diambcr. 75 

The venting chamber was constructed of a 
dear, hiert plastics C* Ludte *^ bo3^ 12 inches 
s^iarft and divided into 4 compartments of 
imequal iKlglit. Hie box was so constructed 
tiiat die imet flowed flrst hito tbe hi^Kst 80 
compartment and then into each suooessivdy 
lower compartment. 

The free fall of the liquid betwedt oom- 
parcments provided agitadm and aeration 
whereby the residual dissolved ozone was 85 
deoo n^osed to osQ^gen and diis oxygen, along 
wid) the gaseous oiddadon products compris- 
ing ^ gaseous oxides of the original con- 
taminants, was vented to the atmosj^ere; 

The purified ^xpoid remaming vras odor- 90 
less and potable. 

The data shown in Table I were genmted 
prior t o and affeer the process descti&d above 
hx this example. 
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TABLBI 

fflueot 
Frior to Treatment 



Odor 
Cdor 

^te Count 

(total bacteria) 
Nitrates 
Solids 

Temperature 



Opaque Dark Brown 
6.5 

13,400 ppm/ml 
250 ppm (est) 

10^ (4— '5 microns to 1/2 mcb) 
25 OL 



Purified Liquid 
After Treatment 

Odoriess, neutral 
Qear li^ amber 
6J 

133 ppm/ml 
less dian 10 ppm 
1—2% (1—5 microns) 
25«C ^ 
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Althofu^^ the perocess ead)odimeo]s of the 
inveut&tn have Men descxibed as a batdi or 
sttp-wise opeiiado]% it will be xeadity aj^^^^^ 
to those skilled hi the art that the process can* 
5 he carried oat in a conturaons manner, like- 
wise^ although die invcQtiQn has beoi des* 
cribed udlizing tank-4ypc vessels^ the use of 
nibe^type or pipeSme zeadxv vKsels is also 
oontenqjlated* 



10 WH^T WB CLAIM IS: — 

1. A ittDoess for porifyuig waste water, 
which con^rises: 

(A) imparting acousdc energy to the wa^e 
water to cause cavitation thereof; and 
15 (B) then ozonating the waste water. 

2. A process as dauned in dahn 1 wherein 
the waste water contams 1% to 50% by 
weight solids. 

3. A process as daimed m dabn 2 wherein 
20 the pamde size of the solids is witfam the 

range of from 2 mkroos to 4 indies. 

4. A process as claimed la daim 3 whereia 
the pardde size of the scdids Is widun die 
range of from 4 microns to 2 indies. 

25 5. A process as daimed in daim 2 ^diereb 
the amount of undissolved solids m the waste 
water is rednoed by 20% to 100% In step 
(A). 

6. A |ttDcess as daiined in daim 5 wherein 
30 die partide size of the solids remainmg after 

step (A) is widdn the range of finmi 1 to 20 
microns. 

7. A process as claimed in daim 5 or 6 
wherein the amount of undissolved solids in 

35 the waste water is reduced by 40% to 90% 
in st^ (A) and the pardde size of tli^ sollSs 
ttmaimng after sfiep (A) is wfd^ the range 
of £rom 1 to 5 microns. 

8. A ptocsess as daimed m daun X wheiem 
40 die laessure dndng step (A) corresponds to 

dtxaisobedc pressoxe. 

9. A process as claimed hi daim 1 wherem 
die Boonsdc energy erf step (A) comprises 
square waves* 

45 10. A process as claimed in daun 9 wherein 
die sqt^ie waive acoustk: enerpy is ridi m 
hamusnic £eeqqeodes and has httb side lobe 
si;q[^pp5S5ion. 

11. A process as daimed in daim 9 or 10 
50 wherein the square wave acoustic energy is 

generated by a plurality of lead zirconate 
blodk transducers. 

12. ApiQcess as daimed in claim 1 1 wherein 
the jiower supplied to the transducers is 

SS within the rangp <d from 500 kw to 1000 kw 
at a msm frequency of 20 lie to 70 he/sec 

13. A process as daimed in ckim 12 
wherein power is su^rfkd to the transducers 
at a mean frequency of abont 28 kc/sec and 

60 the transducers have a beam pattern of 20* 
to60^ 

14. A process as dauned in daun 12 or 
13 wherein the traosdnoers have B 'beam pat- 



tern of about 30^* and die square wave 
aooo^ energy has an acoustic pressure of 65 
140tol45KBV. 

15. A process as H^mfd in claim 1 whereby 
step (A) 18 conducted in an acoustic txcat- 
ment zone and step (B) is t^dqctgd in an 
O29one contact zonc^ and in which die acoustic 70 
treatment zone is turned to provide a resonant 
circuit. 

16w A process as daimfri in dahn 15 
wherein step (B) comprises t^tfhv^g ozotte 
into a dxamber containing the waste wat^ 75 
and bubbling tlie ozone throng the cavitated 
waste water. 

17. A process as rfATmi>H in claim 16 
wherehi an excess of ozone is diffused huo 

the waste water as a gas stream osmprishig 80 
0J% to 10% by Wight of ozone. 

18. A pzoce^ as daimed in daim 17 
wlierein the gas stream is diffused into the 
waste wfECer at a pressure of 1 pag to 30 ps^. 

19. A i«ooess as daimed m daim 17 or 85 
18 wherem the gas stream is diffused into the 
waste wacer from a plurality of finned tube 
diffusers. 

20. A |»ooes8 as dauned ht any one of 
daims 15 to 19 wfaerdn the (Oone is generated 90 
by passing oi^gen through a corona discharge 
^rid. 

21. A process as daimed in daim 17 in 
\diich in step (B), the residual gas bubbling 
through the waste water is collected and 95 
recyded to the vraste water. 

22. A process as daimed in daim 21 
wherehi the^ recycling comprises (i) collect- 
ing the residual gas bubbling diroog^ the 
waste water which ps con^lses ozone and 100 
oxygen; (if> stabilizing the gas coHecced in 

Q); (pSS oonq>re8sing the gas stabilized in 
drymg the gas compressed in (pi); 
and (v) generating fresh ozone by passing 
the gas of (rv) tbzough a corona disdiarge 105 
grid. 

23. A process as daimed m daun 22 
wherdn die gas is dried prior to the stalniiza- • 
dmi of step 

24. A process as daimed in dahn 22 or 110 
23 wherem the stalttlization step (u) com-' 
pnses ndang the gas with air or osg^ io a 
vortex flow whereby ozone contained in the 

gas is decomposed to oxygen* 

25. A process as dahned in any one of 115 
claims 1 to 24 wherein a subsequent step 

(Q aHrq>rises agicadng and venting the 
ozonated water of step (B). 

26. A i»ocess as claimed in dahn 25 
wherein the agitation and venting is con- 120 
^tocd by passing the ozonated water of step 

(B) through a free-fall ^i ch^nber. 

27» A process as dafmrd in da^tr^ 25 or 
26 wherein, the liquid remaining after step 

(C) is potable water. 125 
28, A process for purifying waste water as 

dahned m any one (tf daims 1 to 27 sub- 
stamMy as hevehibefbze desodbed. 



10 



1339;»1 



10 



29. A waste water treatment apparatus 
which comprises (1) an acoustic chamber; 
(11) means for inmartiDg acoustic energy to 
said chamber sufficfeot to cavitate waste water 

5 contained ti^rehi; and (m) means for 
ozonadng said waste water. 

3Q. Bppaiatas as daimed in daim 29 
iK^i^cdn (II) cnmpnses a pfanality of lead 
zixoonate transducers powexed by 500 kw to 

10 1000 kw at a mean frequency ol 20 kc to 
70 kc/se& 

31. An apparatus as rlinme^ m dalm 29 
or 30 wiieiein (III) indudes: (i) an ozone 
contact chamber having gas inkt means and 

15 £^ outl^ means; (S) an ozone generates; 
(iii) means for diffosmg ozone into die O29one 
contact chamber from the ozone generator; 
(hr) means for recyding gas from the gas ont«- 
let of the ozone contact chamber to tf^ ozone 

20 generator. 

32. An af^aratus as daimed in gl«itn 31 
wherein the 02K>ne generator csontpiises a 
corona dis^arge grid. 

33. An apparatus as daimed in daun 31 or 
25 32 wherein the ozone contact chamber is 

dosed to the almo^^re. 

34. An apparatus as daimed in daim 31^ 
32 or 33 wherein die difEosion com- 
pose a idorality of finned tubes. 

30 35. An apparatos as daimed in any of 
ckuns 31 to 34 whexein die recede means 
ounprise: (a) means for stabiJizmg the ozone 
and oxygen xn die ozone and ozygen-contain- 
ing gas stream emfTdng from the gas oudet; 

35 (b) means for compressing die stabilized 
gas; (c) means for diymg the compressed 
and stabilbed gas; and (d) means for feed- 
ing the dried gas to tiie ozone generator. 

36. An apparatus as claimed in claim 35 
40 i^ch indudes means for drying tlie ozone 

and osT^gen emitting from the gas outlet up- 
stream from the stabilizing means. 

37. An apparatus as daimed in daim 35 
or 36 wiierein the stabilizing means comprises 

45 nieans for miirfng the ozone and oagfgen with 
ozygen in a vortex flow. 

38. An ^paratns as damied in daim 37 
wherein the stabilizing means comprtses; a 
l^tight vessel; a swid diamber positioned 

50 within the intedor of the vessd; a phnality of 
perforations oommnnicating . between the 
mtq dor of the yessd and the interior of die 
swiri diamber; means for passing a flow of 
ozone into the interior of i£q vessel upstream 

55 from the swM chamber; means for pasdng 
a flow of gas into the vessel upstream from the 
swirl chamber; and means for passing a flow 
of gas from the vessd downstream ^m the 
swill chamber, ^dieidjy die ozone and gas 

60 are mixed hi the swid dianiber in a vortex 
flow. 

39. An apparatus as dahned m daim 38 
Mtoein the snid diamber is cyUndrkal and 
t he pe rforadims are arranged la a helical 

65 pattern. 



40. An apparatus as claimed in dann 38 or 
39 vdnch indudes drying means comprising 
filters positicmed within tiie Interior of the 
vessd upstream from the swirl chaniber and 
downstream from where the ozone and gas are 70 
passed into the vessd. 

41. A waste water treatment apparatus as 
daimed in any one of daims 29 to 40^ sub- 
stantially as herebbefore described with 
lefercnce to and as iUusccated in Figs* 1, 8 75 
and 9 of the accompanying drawings. 

42. A process for ^e aoousdc treatment 
and ozonation of waste waterj winch com* 
prises: (A) placmg the waste water into a 
vessd; (B) amusing an ocBone-oontamiiig gas 80 
stream into the vessd ham a plane coveting 

an effective cross-sectiimal aita td the vesZ 
whereby the vessd is divided into an upper 
section and a lower section md (Q imparl 
acoustic energy to said bwer section at an 85 
ener Icvd to cavitate the waste water whidi 
18 simsequendy ozonated in the upper secticm. 

43. A process as daimed in daim 42 or 
43 wherein the vessd is dosed to the atmo- 
^here; gas is collected fnun the upper see- 90 
don and is recycled to the said ozone-amtata- 

ing gas stream. : 
■ -44. ^ A in:ooess as daimed in daim 43 
wherein the recydc comprises: drying the 
ozone and ozy^ collected from the upper 95 
section; stabtfiang the ozone by mixing it 
wiflfc azygf^ in a vortex flow to decompose 
the oaone to oogrgen; compressfaig the oxygen; 
passing the oxygen tbrou^ a corona d]»* 
dharge grid; and passing die ozone^cmtab- 100 
ing gas stream emitting horn the grid into 
the vessd in accord with step (B). 

45. A process as dahned in claim 42, 43 
or 44 m which, m scqE> (B) die ^ stream is 
diffused mto the vessd from a plura% of 105 
finned tube diflfusers posidoned across said 
plane. 

46. A process as daimed in any one of 
daims 42 to 45 vterein the acoustic ©lergy 
imparted in step (C) comprises square wave 110 
acoustic energy ridi in harmonic frequendes 
with little side lobe suppresslcm. 

47. ^ A process as d^^T^M dgim 45 
wherein the acousdc energy is generated by a 
plurdity of lead zirconate Mode transducers 115 
posidoned across the floor of sdd vessd and 
powered widi 500 kw to 1000 kw at a mean -s' 
frequency of 20 kc to 70 kc/sec. 

48. A process as dahned m any one of 
dauns 42 to 47 ^rfiereui d% lower section of 120 
the vessel is timed to inovide a xescmant cir- 
cuit. 

49. A process as claimed in daim 48 
wherein the acoustic energy is imparted in 
step (C) in pulses so timed that tte reflec- 125 
ticHi of acoustic energy from the gasedds* 
barrier reaches the floor of the vessel mid- 
way between pulses, 

50. A process as daimed in daim 49 
vrfierehi the acoustic energy is present within 130 
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the lower secdom as a constant wave function. 

51. A process for tbe aoonstlc tieatmeat 
and ozoiation of waste water a& daixned in 
any one of daims 42 to 50, sidsstsntially as 
Jbeieiiibefoie described. 

52. An acoustic treatment and oamatioin 
apparatus lor carrying out the process of any 
one of claims 42 to 51 which compnses: a 
vessel; means for imparting acousdc energy 
into a lower section m the vessel; means for 
d iff i iwn g gas mto an upper section of tlie 
vessel so as to provide a gaseous barrier 
sepuating thp, upper and bwer secti<ms^ the 
barrier permitting the passage of liqtdd and 
preventing the passage of acoustic energy; an 
ozone generator means fen* passing a flow of 
ozone and oxygen from tibe ozone genera to r 
to the diffusion means; gas outlet means com- 
municating yd&i ^bc upper section; and means 
lor recycling gas from the gas oudet means 
to the oz(me generator. 

53. An am>aratus dahned in daim 52 
wherein the gaseous barrier is formed 
difEusbg gas mto die vessd inm diffusers 
positioned in a plane covering m effective 
cross^sectional area of the vessel. 

54. An apparatus as daimed in r\»im 53 
Therein the diffusers comprise fitmM tubes 
having diffusion hsAes tbexecm aimed in a 
generuly upward dixectioD. 

55. An apparatus as dainoed in claim 52^ 
53 or 54, wherein the means for imparting 
aoonstxc energy cranpriscs a phiraiity of kad 
zirconate blodc transducers positioned across 
the floor ol the vessd and powered with 
500 kw tor 1000 kw at a mean frequency of 
20 kc tor 70 kc/sec. 

56. An apparatus as daimed in daim 52, 
53> 54 or 55 wheidn the ozone generator com- 
prises a corona discharge grid. 

57. An I9>paratits as claimed in any . one of 
datms 52 to 55 v^ecein the it^Tde means 
comprises: Q) means lor stabilizing the ozone 
in die ozone and oxygenhcontaining gas 



stream emitth^ from the gas outlet; (ii) 45 
means for OGmpiessing the staMlized gas; 
(Uin means for drying tfie compressed and 
s tahniTrd gas; and (hr) means for feeding the 
dried gas to the ozone generator, 

58. An a{^>aratns as daimed in daim 57 50 
wiocji fndunfs means for drynig die ozone 
snd oz^en endttmg from the gas oudet up- 
stream from the stabilizing means. 

59. An appazatns as claimed in ^itg 57 or 

58 wherein the stabilizing means comprises 55 
means for mixing tibe ozuie and oxygen with 
oxygen in a vortex flow. 

60. An 'q^>aratus as rfa^infd in f^nm} 57 
wherein the stabilizing means comprises: a 
gas-d^ vessd; a swxri chamber posTdoned <S0 
witiiin the interior of the vessd; a plurality 

of perforations commnnicating between the 
interior of the vessd md the . interior of the 
swiri diamberj means for passing a flow of 
ozone into the interior of tte vessd upstream 65 
from the swiri chamber; means for passing a 
flow of gas into the vessd upstream frxan dw 
swiri chamber; and means for passing a flow 
of gas from the vessel downstream from the 
swirl chamber, ^itoefay the oz(Hie and gas axe 70 
mixed in die swiri cfaamher in a vortex flow, 

61. An apparatus as claimed in daim 60 
wherean the swiri chamber is cylindrical 

the perforations are atiaoged in a hdical 
pattern. ^5 

62. An appmtus as daimed in daim 61 
whidi includes drying means compriang 
filters positkmed withm the mteiior of the 
vessd iipstream from the swiri diamber and 
downstceam from where the ozcHie and gas are 80 
passed into the vesseL 

63. An acousdc treatment and ozonation 
apparatus a^ dahned in any one of rlqi'^ ^^ 52 
to 61, substandally as herembefbre described 
widi reference to Figs. 2 to 9 of the accom- 85 
panying drawings. 
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